Shear-wave splitting and fracture-related seismic anisotropy have already been reported from numerous VSPs, crosshole and reverse VSP (RVSP) datasets at the Conoco Borehole Test Facility (CBTF) with an aim of investigating the use of seismic waves to map subsurface fracture systems (Queen & Rizer 1990; Liu et al. 1991). In this paper, we further analyse shear-wave data recorded from the multi-azimuthal reverse VSPs. Fracture-related seismic velocity and attenuation anisotropy can be clearly identified based on the analysis of amplitude and travel times. Our interpretations are supported by comparison with the theoretical prediction of velocity and attenuation variations in fractured media and by calculation of synthetic seismograms. Figure 1 shows an example of the RVSP data with the Conoco rotary source at the depth of 67 feet and 10 surface geophones located on an arc of 25 feet from the well. There is a good symmetry in amplitude and travel time with respect to the azimuth of about N70"E in the transverse components from the SH source (marked with YY). This symmetrical feature can be seen for most of the source positions. There is also symmetry in frequency content about this direction for some of the records. The symmetry is a clear evidence of velocity anisotropy (azimuthal variation of travel time) and attenuation anisotropy (azimuthal variation of amplitude/frequency). Since the symmetry axis of about N70"E has been previously identified to be the strike of the dominant fractures and the local maximum compressional stress, the observed attenuation and velocity anisotropy is consistent with the presence of aligned cracks and fractures. To test our interpretation, synthetic seismograms were calculated based on the model that we previously obtained (Liu et al. 1991). Figure 2 shows the synthetic seismograms for the same geometry as the observation in Figure 1 . The model consists of multiple layers with a un8orm distribution of cracks striking at N70"E of dimensions less than the seismic wavelengths of about 10m. The symmetry features that we described above are well reproduced.
SUMMARY
Shear-wave splitting and fracture-related seismic anisotropy have already been reported from numerous VSPs, crosshole and reverse VSP (RVSP) datasets at the Conoco Borehole Test Facility (CBTF) with an aim of investigating the use of seismic waves to map subsurface fracture systems (Queen & Rizer 1990; Liu et al. 1991) . In this paper, we further analyse shear-wave data recorded from the multi-azimuthal reverse VSPs. Fracture-related seismic velocity and attenuation anisotropy can be clearly identified based on the analysis of amplitude and travel times. Our interpretations are supported by comparison with the theoretical prediction of velocity and attenuation variations in fractured media and by calculation of synthetic seismograms. Figure 1 shows an example of the RVSP data with the Conoco rotary source at the depth of 67 feet and 10 surface geophones located on an arc of 25 feet from the well. There is a good symmetry in amplitude and travel time with respect to the azimuth of about N70"E in the transverse components from the SH source (marked with YY). This symmetrical feature can be seen for most of the source positions. There is also symmetry in frequency content about this direction for some of the records. The symmetry is a clear evidence of velocity anisotropy (azimuthal variation of travel time) and attenuation anisotropy (azimuthal variation of amplitude/frequency). Since the symmetry axis of about N70"E has been previously identified to be the strike of the dominant fractures and the local maximum compressional stress, the observed attenuation and velocity anisotropy is consistent with the presence of aligned cracks and fractures. To test our interpretation, synthetic seismograms were calculated based on the model that we previously obtained (Liu et al. 1991) . Figure 2 shows the synthetic seismograms for the same geometry as the observation in Figure 1 . The model consists of multiple layers with a un8orm distribution of cracks striking at N70"E of dimensions less than the seismic wavelengths of about 10m. The symmetry features that we described above are well reproduced.
DATA AND RESULTS

DISCUSSION
We have used distributions of small cracks in our model, which may not be adequate at the CBTF site. Several other fracture models have also been proposed, including 1) large single natural fractures; 2) fracture planes with distribution of small cracks, and 3) large fracture planes with distributions of contact areas. The most likely model appears to be the last model (3), since the other models cannot wholly explain the other geological, geophysical, and hydrological observations. This is currently under further investigation. This paper provides additonal evidence of fracture-related seismic anisotropy at the CBTF site and supports the conclusions previously obtained by Queen & Rizer (1990) and Liu et al. (1991 Figure 2 
615
.\z. , ISI,
.,.,?
